Social norms play an important role in shaping human behaviour. They guide people on how to behave under certain circumstances by prescribing what is permitted and what is prohibited. The growth of socio-technical systems enabling interaction between humans and technical systems calls for endowing systems with the ability to understand and facilitate socially acceptable behaviour as governed by norms. 1 Awareness of socially acceptable (normative) behaviour becomes particularly important when social interactions between humans are facilitated through software systems. For example, researchers working on teleconferencing systems have realized the importance of aligning eye contact between different participants (the length-of-gaze norm). 2 Also, cultural differences in length-of-eye contact should be taken into consideration to facilitate engaging interactions. 3 The same applies to the norm of interpersonal distance between participants in both human societies and artificial agent societies such as Second Life. 4 When a human user interacts with an avatar, for example, the interaction becomes realistic for the user if the agent follows a gaze model that mimics the human's gaze model, instead of the avatar constantly staring at the human. 5 The systems in question should detect the normative activity, and inform associated parties to take appropriate remedial action if there are violations. To do otherwise would reduce the presence and the engagement of the users in such virtual environments. Such a norm-aware system is one that can identify norms from a variety of information sources, and recommend those norms to the involved parties (see Figure 1) . Norm-aware systems broadly sit under the larger umbrella of socially adaptive systems which take into account other norm-related concepts such as conventions, rules, policies and laws and also other social concepts such as values, trust and reputation. 6 There are several advantages to developing norm-aware systems. A system that is norm-aware can warn humans about norms they are violating and can offer remedial actions to perform. These systems thus decrease the amount of resources used (e.g. by recommending the 'green norm' of duplex printing) and decrease the amount of time spent on analysing social context (e.g. by recommending whether an action is allowed in a virtual environment). Additionally, norm-aware systems are more attractive for humans because they are natural and intuitive to work with, easy to understand and learn, and dynamic. They flexibly respond to changes in the environment (as opposed to systems with hard-wired norms).
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Norm-aware systems can be useful in many domains. In our recent work, we investigated mechanisms for inferring norms from sequences of recorded agent interactions. For example, agents' actions and interactions in virtual environments such as Second Life and multi-player online games recorded in various chat and action logs can be used to extract norms. We have proposed algorithms that can identify prohibition 7 and obligation 8 norms from action logs. Upon norm identification, an agent can inform other agents about the existing norms. Other projects have focused on identifying norms in workplaces and making them explicit to the involved parties. 9 A second domain that has the potential to offer the most for norm awareness is big data. With huge volumes of data available online, software systems can mine appropriate behavioural data and present information to users. For example, analysis of tweets suggests the convention on sending re-tweets. 10 A software entity can recommend, for instance, that one use the 'RT' option (i.e. re-tweet norm of using RT) instead of all the other possible options since the RT option is most widely used. An emerging research area focuses on mining the rich and large quantities of data available in software repositories to uncover useful and
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important patterns and information about software systems and projects. 11 Such information assists developers, managers and testers by offering insights into the nature of open-source software development.
A third domain where norm-aware systems are of help are systems that facilitate sustainable practices. In recent work, we proposed a system that can recommend green norms based on data extracted in an organizational setting. In a case study conducted at the University of Otago we investigated how much voluntary duplex printing was done (i.e. without any explicit norm governing this behaviour). We showed that about 70% of the users of the Department of Information Science printed in the duplex mode. Based on this result, appropriate interventions can be designed to encourage people who do not follow the convention to follow it through social comparison approaches such as nudges or pledge schemes. The next stage in this direction is to automatically identify commonly observed behaviours and spread them through appropriate channels such as e-mails and social media. For example, a norm-aware printing system can find the duplex printing norm and recommend this to members that do not follow the norm.
Though research work has begun on developing norm-aware systems in different domains, the research challenges are far from trivial. A norm-aware system should have the ability to learn from a variety of data sources and also employ a variety of techniques such as data mining, information retrieval and natural language processing. We have proposed an agentbased framework that integrates different open-source repositories, and the development of such a system is currently in progress. 12 Implementing an integrated framework to extract different types of norms (obligations, prohibitions and permissions) from different data sources is likely to be a challenge. Other future challenges to address include integrating different norm-aware systems in order to provide a holistic experience to the user (currently different norm-aware systems are developed for different purposes), and integrating contexts between normaware systems.
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